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About Polytech

Estin 1925

Students ~ 1800

Focus on traditional engineering

13 engineering undergraduate ekl
programs : Mechanics, Automation, a,« Yies
Electricity, Process, Industrial Safety, .- .}
Mining ....
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Main features

Risk management approach

Low power consumption (1.8 kW)

Low cost design

Interoperability : Modbus TCP/IP over Ethernet

Compatible with Matlab, Labview, TIA, Python... for real time data logging
Fast system response: 0->1000 rpmin2s
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Machine overview
Carateristic

Dimensions Height : 2267 mm
Width :840 mm
Length : 1040 mm

Total Weight 280 kg
Max Speed 1500 RPM

Max torque 7 N.m
Max Weight On Bit 20 Kg

Power consumption 1700 W
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Safety

1. Risk assessment -> Hazardous events identification
2. Hazard prioritization : Risk Matrix !

Risk factor = Severity x Probability Acceptable

Tolerable
unacceptable

3. Hazard control -> Safety features

O 0 © 0 Probabiy
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Safety features

. Current limiter for torque control (top drive & stepper )

. Emergency shutdown

. Enclosures for water projections

. Waterproof electrical cabinet

. Electrical protections : differential circuit breakers - relays - fuses -
contactors - manual switch - ground

. Hydraulic system : Pressure regulator - one way valve

. Wheels equiped with brakes
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Table de commande

Initial design

Final design
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Machine overview : 7m0\

Hoisting System ‘ ! !!! I

Hoisting motor
Stepper NEMA 34
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Machine overview :
Rotary System

mF N

Induction Motor

'y
S
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Hoisting syse
-Coupllng

BaII screw

BaII nut
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Top drive system

Universal
Coupling
Drill pipe

Drillbotics 2019 - Phase Il - DSATS - June 12th

‘/a
J

Induction Motor
Hydraulic Swivel




POLYDrill | National Polytechnic School
| Algiers

-

Mechanical simulations
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Simulation of the drill pipe: the minimal safety factor based on Von Mises criteria is 1.4
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BHA design
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Circulating
system

Drill pipe

Drillig fluid

Water

Pression = 5 bars
Minimal Flow rate = 0,0002 m3/s

Drillbotics 2019 - Phase Il - DSATS - June 12th




POLY Drill | National Polytechnic School

‘E: Algiers

rculating system

Teflon

hydraulic fittings Water strainer Pressure regulator
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Down hole sensor

6 DoF Inertial Measurement Unit
Acceleration x3
Angular speed x3 @scLi =

— Downhole RPM
— Vibrations
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Down hole sensor casing

3D printed

Circuit isolation from water
Easy assembly / disassembly
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Wired link (i2c) from BHA
to Wifi relay
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Control system overview

Pre-proessed measured data

Drilling data logging and visualization
Real-time optimization algorithm
Fault detection

Low-level robust PID controllers
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Instrumentation and data acquisition

Optical RPM Sensor
Encoder

Gyroscope

Tri-axial : MODBUS TCP/IP
Accelerometer :

7y

Computer MATLAB Software

SIMATIC S7-1200
PLC

WOB Sensor Torque

(Load Cell) Estimator Pressure Transducer
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Actuation

® Top drive : Sinamics G120
e Hoisting : DM556 driver

e Circulation: ATV312
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Autonomous drilling process

Autonomous operating point control

Setpoint
Lookup

v

Parameters
estimation

Fault detection/

Local optimal search

Drilling
Parameter

Setpoints

Controller

WOB

—0

Controller

Drilling
Process

[
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Optimization algorithm

Mechanical Specific Ener vrem _  Total Energie Input
g = MoH—~ Total Rock Volume Removed

ROP Eckel correlation ROP =a-WOB"- RPM°

Parameters identification - Recursive least squares algorithm

-
In(a)

> In(WOB)In(RPM) > In(RPM) S In(RPM)
> In(WOB) S In(RPM) 31

> In(RPM)In(ROP)
> In(ROP)

S In(WOB)? S In(WOB)In(RPM) Y In(WOB) ( b ) (Esn{womzn(ﬂop))
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Optimization algorithm
Torque correlation Togtic:— oW OB+ 8

Parameters identification — Linear regression algorithm
Final MSE expression to minimize

WOB 480-a-WOB- RPM'— 480.3-WOB'. RPM'

5=t + 12

VSE =4 w2 al)?
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RPM control

Maximum speed Calculation of the Slip 1)T+ P
* accelerating torque [ Torque voltage
Calculation of precontrol Motor and current model

the speed
limits # Measured
Transfor-{ current
mation |~

Torque Output
Speed setpoint setpoint ‘é - A voltage
> Transfor-—— —»

ﬁ .
|j\ Speed controller mation ;
| controller Voltage angle

)

Output frequency

Speed actual value

Current limit

Upper torque limit —y| Calculation of | |

the torque Flux setpoint | controller
limits ’

Lower torque limit —)
|

Power limit when motoring Power limit when generating
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WOB control

wWobre f Ewgh POSref

WOB PID Faosition control loop Mechanical process
wohy,

POSITION CONTROL LOOP

Position PID Stepper driver Stepper motor

Optical encoder
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Leak
* suddent leak

Hydraulic fittings failure
Pump overspeed

Suddent drop in pressure
- 25% in 100

National Polytechnic School

Limit pump speed

Emergency shutdown
by operator

FLuid Low pressure

constant leakage from hydraulic fittings

P <1bar

Improper cuttings
extraction
Pipe sticking

Fluid Over pressure

bit baling

P >3 bar

Fluid leakage
Hydraulic fittings fatigue

Pressure limiter

Reduce WOB
Increase RPM
Increase flowrate by 10%

WOB too high

Torque > 7 Nm
Average torque during 100mS =
7Nm

Fatigue of the drill pipe
leading to twist off

Current limiter @ top drive
mator driver

Restore previous setpoint
ie reduce WOB

Fatigue / excessive torque on the drill pipe

Torque ~> 0 & Low pressure /
Leak

Parting of the drill pipe
Leaking of fluid

Current limiter @ top drive
mator driver

torque demand of the bit > avaiable torque
dueto:

Undersized motor

Cuttings accumulation

Overtorque
3xrepetitions during 500 mS
window

* bit speed > BHA speed in
accelerating phase of the stick
slip event

Damaging of the BHA &
Drill bit

Decrease WOB by 25%
Increase RPM by 10%

Mechanical pipe sticking ; cutting
accumulation due to ineffecient /
inopperant circulating system : low
pressure, low flowrate,

Differential pressure : NLA

Stick Slip x 3 times
in 1.55 time window

The pipe gets stuck and
can be damaged when
attempting to free it
Damaging above
elements (BHA)

Set RPM & WOB to
minimum

Lift up the bit by 30 mm
Set flowrate to maximum
Resume

Downhole IMU sensor
Acceleration over threshold
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Graphical user interface (GUI)

POLYDRILL HMI V-A | STATUS : drilling ‘
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Budget

4977 Euros - 5700 S
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Perspectives - futur work

Real time fault detection - ml
Telegram commands
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Thank you for your attention




